INTRODUCTION
The architecture of the Himalayan orogen is widely considered to be characterized by southward-tapering orogenic wedge fl oored along its base by the Main Himalayan thrust and consisting of three lithologic units stacked by the north-dipping Main Boundary thrust, Main Central thrust zone (MCT), and South Tibet detachment (STD). With few exceptions, this architecture has formed the conceptual framework of the orogen for more than 65 yr (e.g., Heim and Gansser, 1939; Gansser, 1964; LeFort, 1975; Burchfi el and Royden, 1985; Beaumont et al., 2001 ). Efforts to properly place geochemical and geochronologic data in this structural framework have been challenged by diffi culties in distinguishing between Greater and Lesser Himalayan rocks due to the high degree of metamorphism and distributed shear of these rock units, as well as similarities in their protolith.
These challenges have been surmounted by isotopic characterization of these rock units across the length of the orogen in Pakistan, India, Nepal, and Bhutan (Deniel et al., 1987; FranceLanord et al., 1993; Parrish and Hodges, 1996; Whittington et al., 1999; Ahmad et al., 2000; Robinson et al., 2001; Argles et al., 2003; Martin et al., 2005; Richards et al., 2006) . The ε ND (0) values reported in these studies document −20 to −2 for Greater Himalayan rocks (mean value of −15), and −30 to −16 for Lesser Himalayan rocks (mean value of −23). The Lesser Himalayan isotopic signature applies to Mesoproterozoic clastic lithologies of the Lesser Himalayan rocks that may also contain 1.8 Ga igneous intrusions, and the Greater Himalayan isotopic signature applies to those rocks above the Main Central thrust that are upper amphibolite facies and are thought to be of Neoproterozoic age. This iso topic distinction has been used effectively throughout the orogen to better understand a variety of tectonic issues, including the architecture of the Himalayan thrust belt and its kinematic development (Parrish and Hodges, 1996; Robinson et al., 2001 , Argles et al., 2003 Martin et al., 2005) .
Most isotopic studies are limited to the frontal regions of the orogen and have not exploited exposures of mid-crustal metasedimentary rocks that are in the hinterland of the frontal Himalayan thrust belt in the central Himalaya. In this paper I present whole-rock Nd and Sr isotopic data from the Gurla Mandhata metamorphic core complex, which is within the Tethyan Himalaya (Fig. 1) . These data are used to correlate rocks exposed in the metamorphic core complex to those exposed in the frontal part of the Himalayan thrust belt and is used in combination with previously published structural data to infer the architecture of the Himalayan orogen.
GEOLOGY OF THE GURLA MANDHATA METAMORPHIC CORE COMPLEX
The Gurla Mandhata metamorphic core complex is the largest of several gneiss domes that extend east-west across southern Tibet (Fig. 1) . It is ~100 km long in an east-west direction and 40 km in a north-south direction (Murphy and Copeland, 2005) . The core complex is toward the hinterland of the MCT within the Tethyan Himalaya physiographic zone. Exhumation of the metamorphic core from mid-crustal depths occurred along a top-to-the west extensional shear zone referred to as the Gurla MandhataHumla fault system (GMH) (Murphy et al., 2002; Murphy and Copeland, 2005) (Fig. 1) . Rocks within the shear zone from structurally higher to lower positions consist of mylonitic schist, mylonitic quartzofeldspathic gneiss, and quartzo feldspathic migmatite. The contacts between these rock units are traceable throughout the metamorphic core complex and defi ne a broad elongated dome. The 232 Th/ 208 Pb ion-microprobe monazite ages from deformed and undeformed leucogranite bodies indicate that motion on the GMH occurred after 15 Ma (Murphy and Copeland, 2005) . The 40 Ar/ 39 Ar data from muscovite and biotite indicate that the metamorphic rocks cooled below 400 °C ca. 9 Ma.
ISOTOPE GEOCHEMISTRY
Rock samples collected from the Gurla Mandhata metamorphic core complex were analyzed for Nd and Sr isotopic compositions ( Table 1 ). The motivations for such analyses were (1) to test the possible petrogenetic relationship between the footwall metamorphic rocks, leucogranite dikes and sills, and the migmatite unit, and (2) assess the possible correlation between rocks exposed in the footwall of the GMH with rocks exposed in the Himalayan thrust belt. Sample locations are labeled in Figure 1 . One sample (GMH 8) is not shown in Figure 1 , but is located along strike ~25 km to the south of the other samples (sample location: 30°11′15.8″N, 80°17′17.7″E). Of nine samples analyzed, three samples were from the mylonitic quartzofeldspathic gneiss and garnet biotite schist, four samples were from the underlying migmatite, and two samples were from leuco cratic muscovite-and biotite-bearing granite sills within the gneiss and schist unit.
Isotopic measurements were conducted at the University of California, Los Angeles, by thermal ionization mass spectrometry using the methods described by Nelson and Davidson (1993) . The Nd and Sr isotope standard values measured during the course of the analyses are Figure 2 shows the ε Nd and ε Sr values (present day) of my analyses along with previously reported values from Greater Himalayan rocks, Higher Himalayan Leucogranites, and Lesser Hima layan rocks (Vidal et al., 1982; Deniel et al., 1987; Stern et al., 1989; France-Lanord et al., 1993; Parrish and Hodges, 1996; Martin et al., 2005) . Samples from the structurally highest rock units (mylonitic gneiss and schist) (GMH 1, GMH 2, GMH 3) ( Isotopic characteristics of the Gurla Mandhata metamorphic core complex: Implications for the architecture of the Himalayan orogen 
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Keywords: Himalaya, intracontinental deformation, isotopes, orogenic wedge. lowest unit) (GMH 4, GMH 5, GMH 6, GMH 7) yield ε Nd values between −21.3 and −23.4 and ε Sr values between 1370.8 and 3967. Samples GMH 8 and GMH 9 are leucocratic granite sills that have intruded the schist and gneiss unit, respectively. GMH 8 yields an ε Nd value of −14.0 and an ε Sr value of 790.6. GMH 9 yields an ε Nd value of −21.3 and an ε Sr value of 2643.3.
GMH 1, GMH 2, and GMH 3 isotopically correlate with the Greater Himalayan fi eld. GMH 4, GMH 5, GMH 6, and GMH 7 isotopically correlate with the Lesser Himalayan fi eld. One of the leucogranite sills (GMH 8) is isotopically similar to schist, it intrudes as well as the Higher Himalayan leucogranite fi eld, while the other sill (GMH 9), located immediately above the gneiss-migmatite contact, is isotopically similar to the migmatite and Lesser Himalayan fi eld. It is clear that the migmatite (GMH 4, GMH 5, GMH 6, GMH 7) and a granite sill (GMH 9), which are at the structurally lowest positions in the footwall, were derived from a source with an isotopic character similar to Lesser Himalayan rocks (Fig. 2) . I interpret that GMH 8 represents a partial melt derived from the schist or gneiss unit and GMH 9 represents a partial melt derived from the migma tite unit. The migmatite consists of outcrop-scale lenticular segregations of quartz and feldspar that parallel a gneissic foliation defi ned by biotite (GSA Data Repository Fig. DR1   1 ). On the basis of these textural relationships, I interpret the leucosomes to be an in situ partial melt, and therefore interpret the migmatite to represent a portion of highly metamorphosed and partially melted portion of the Lesser Himalayan metasedimentary rocks. 
DISCUSSION
Isotopic data from the Gurla Mandhata metamorphic core complex indicate that it is constructed from rocks correlative to the Greater and Lesser Himalayan rocks exposed in the High and Lesser Himalayan physiographic zones. In the central Himalaya, Lesser Himalayan rocks are in the structurally deepest thrust sheet underlying the Lesser and High Himalayan physiographic zones (Fig. 3) . In the undeformed foreland of the thrust belt, Lesser Himalayan rocks are estimated to be 6-7 km below sea level and dip shallowly to the north. Uplift of these rocks in the thrust belt is attributed to slip along the Ramgarh thrust and development of large duplex structures (DeCelles et al., 1998) . Structural interpretations of the Himalayan thrust belt show that the northward extent of Lesser Himalayan rocks is directly south of the Gurla Mandhata metamorphic core complex and is defi ned by the branch line between the Main Himalayan thrust and the MCT (Pandey et al., 1999; DeCelles et al., 2001) (Fig. 3) . The isotopic results presented here require two signifi cant changes to this picture of the thrust belt (Fig. 3) . First, the minimum northward extent of Lesser Himalayan rocks in the thrust belt is 30-60 km farther to the north. Assuming Lesser Himalayan rocks were underthrust northward in the footwall of the MCT indicates 30 and 60 km ; ε values (present day) calculated using CHUR parameters = 0.512638 and 0.7045. more slip along this structure than that shown in the regional reconstruction of DeCelles et al. (2001) . Second, the presence of Lesser Himalayan rocks in the Gurla Mandhata metamorphic core complex requires signifi cant uplift of these rocks relative to their position in the undeformed foreland as well as their position predicted from surface mapping in the thrust belt to the south (DeCelles et al., 1998 Robinson et al., 2006) (Fig. 3) . Figure 3 portrays that this uplift occurred by crustal thickening locally beneath the Gurla Mandhata metamorphic core complex. This may have occurred by growth of a duplex structure in the Lesser Himalayan rocks such as those observed to the south and east of the study area (DeCelles et al., 1998 Robinson et al., 2006) or by slip along a crustal-scale thrust fault such as that interpreted to underlie the Kangmar and Mabja domes in southern Tibet (Lee et al., 2000 (Lee et al., , 2004 Yin, 2006; Lee and Whitehouse, 2007) . In either case this requires signifi cantly more shortening than previously estimated across the orogen. Assuming that the Lesser Himalayan rocks had an original thickness equivalent to that estimated in the foreland of the Himalayan thrust belt, I estimate a minimum of 100-150 km of horizontal shortening based on the amount of area underlying the core complex between the Greater Himalayan rocks and the Main Himalayan thrust (Fig. 3) .
The isotopic results are also at odds with recent interpretations that Himalayan tectonics can be explained by extrusion of a low-viscosity mid-crustal channel. This mid-crustal channel is bounded above by the STD and below by the MCT with Lesser Himalayan rocks structurally below the channel. Although a version of the channel fl ow model explains the development of the North Himalayan gneiss domes, their origin is shown to have resulted from thickening of Greater Himalayan rocks in the mid-crustal channel and therefore only Greater Himalayan rocks are predicted in the cores of gneiss domes (Beaumont et al., 2001 ). This prediction is falsifi ed by the results presented here. Exhumation of Lesser Himalayan rocks in the core complex is associated with top-to-the-west shear along the GMH, which implies that the GMH cuts through Greater Himalayan rocks and therefore the hypothesized channel. This restricts the possibility of southward channel fl ow operating in the vicinity of the Gurla Mandhata metamorphic core complex to time periods before the GMH initiated in the middle to late Miocene (Murphy et al., 2002; Murphy and Copeland, 2005) .
